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Introduction
Leadership definition varies to a significant extent, where each definition has different area of focus 1 . One of the best ways to describe leadership is the "skills approach", that emphasizes on the skills or abilities that can be learned or developed. For instance, enhancing personal capability to inspire confidence and support among the people who are needed to achieve organizational goals 2 is a competency development definition of leadership. One of the main attributes associated with leadership is determination of a direction and influencing people in regards with values, vision, mission, and strategy 3 . As the dynamics of societal development is at highest ever pace in the 21 st century, leadership skills are highly demanded, as they touch on significant facets of human professional, social, and/or economical growth. Such skills are sought in candidates for high-level and entry-level professional positions, and they were listed as the top attributes executives seeking candidates' want. Astin (1993) argues that it is important to develop students during their college years to become future leaders 4 . It is argued that leadership development encompasses various activities, perspectives, and experiences that will eventually lead to enhance the ability of making a meaningful difference 5 .
Leadership Attributes and Roles
Characteristics associated with leadership can be classified into three categories: personality traits, motives, and cognitive factors. These characteristics for leadership are considered as an emergence of a combination of heredity and environment 6 .
Observations by managers and human resource specialists, as well as many research studies, indicate that leaders possess a set of personality traits that contribute to successful leadership 7 One of the key leadership traits is "Self-Confidence" as it refers to be humble at the right times and admitting that you do not know everything and cannot do everything, as well as admitting own mistakes to team members and outsiders. Another personality trait is trustworthiness; an effective leader is supposed to walk the talk, thereby showing a consistency between deeds and words 6 . Moreover, a meta-analysis of 73 studies involving 11705 subjects found that extraversion was the most consistent personality factor related to leadership effectiveness and leadership emergence 8 . Assertiveness, which refers to being forthright in expressing demands, opinions, feelings, and attitudes, helps leaders to perform many tasks and achieve goals. Also emotional intelligence is considered as a personality trait of effective leaders; emotional intelligence refers to the ability to do things in the frame of understanding one's feelings, have empathy for others, and regulate one's emotions to enhance one's quality of life. Since leaders facilitate change, they must be flexible enough to be able to adapt with changes 6 .
Being an effective leader requires a power of motive to influence others. Leaders with high power of motives have three dominant characteristics: 1-they act with vigor and determination to exert their power, 2-they invest much time in thinking about ways to alter the behavior and thinking of others, and 3-they care about their personal standing with those around them 9 .
Mental ability, is important cognitive trait for leadership; mental and cognitive abilities include traits such as creativity, visionary and strategic thinking. Insight to arrive at imaginative and original solutions to complex problems and assessing the team members wisely for their strengths and weakness as being mentally sharp will help to inspire people, bring about constructive change, and solve problems creatively. Also to develop visions and corporate strategy, a leader needs farsightedness, and conceptual thinking.
Yet leadership roles are a subset of managerial roles; as leadership skills alone, without the presence of effective management, could leave personnel without the capability to fully realize their vision. Nine roles are identified by Mintzberg and others can be classified as part of the leadership function of management as being figurehead, spokesperson, negotiator to make deals with others for needed resources, coach, motivator, team player, technical problem solver, entrepreneur leaders and Strategic planner are key aspects of leader's role to build an effective team 10; 11 .
Leadership in Engineering
Today's fast-paced global economy, and the rapid increase within a constantly changing sociotechnical landscape necessitate critical urge for engineers who are highly effective, advanced problem solvers (both alone and in teams) and accountable leaders.
Engineering Profession and Engineering leadership
Thomas Tredgold, an English engineer and writer defines engineering as "Engineering is the art of directing the great sources of power in nature for the use and convenience of man" 12 . Today's engineers are asked to do much more than just applying the scientific knowledge to solve practical problems 13 . There are emerging trends in engineering profession that encourage junior engineers to lead in their early career and manage a project which requires developing a number of soft skills, such as interpersonal, marketing, and communications 14 . In order to be a true engineering leader, engineering students must possess technical and nontechnical soft skills, which would give them an edge in the workplace 13 . They must possess skills such as written and oral communication, customer relations, personal initiative, teamwork abilities, organizational knowledge, and decision making that will facilitate the development of solutions to business challenges, to be effective leaders 15 .
According to the NAE (2004), "engineers must understand the principles of leadership and be able to practice them in growing proportions as their careers advance". Engineers need to exercise their leadership due to "the growing interdependence between technology and the economic and social foundations of modern society" 16 . ABET's (2011) criteria for accrediting engineering programs for the United States in 2012-2013 include not only strong analytical skills but also other skills indirectly related to leadership (e.g., the ability to communicate effectively, to function in multidisciplinary teams, and to understand the impact of engineering solutions in global and societal contexts) 17 . Unfortunately, Vandeveer found that many undergraduate students within engineering departments do not receive the leadership or management skills that are needed for them to succeed as leaders within future engineering positions 18 .
Engineering Leadership Education/Programs
Farr and Brazil (2009) echo that the leadership cannot really be taught in a conventional sense but it can be learned; they observe that even with well-designed engineering leadership curricula and programs in academia and industry, ultimately the responsibility rests on the shoulders of the student to learn 19 . Shuman et al proposed that "The Accreditation Board for Engineering and Technology (ABET) 1 "soft skills" can only be taught through active, flexible teaching and learning techniques 20 . This observation resonates with that of Parks discussed earlier, where leadership education is more about exploratory discovery by the student than about the brilliant performance of a faculty member 21 .
Leadership development should be as an integral part of the educational program of engineering colleges worldwide; this can best be accomplished by various strategies. One of these strategies is to empower the educators to get familiar and comfortable with the concept of targeting 'leadership' as a specific theme within engineering education. Another key strategy is to wellprepare engineering leaders who can operate effectively inside and outside the engineering profession and deliver sustainable solutions to the world's biggest challenges, and develop a unique new educational experience and environment to learn the required skills 22 . Starting a cooperative training program with industry partners is also a desirable mean to enhance students' understanding of engineering and improve their hands-on skills. As long as investment is possible, engineering schools should establish a comprehensive workshop to train students' design and manufacturing abilities 12 .
Many engineering leadership education and development programs have been implemented in different universities and countries. These programs are typically composed of coursework, workshops, seminars, and rotational assignments. The coursework in these programs are specific to each corporation's needs, as opposed to the general approach of the university programs' coursework. Workshops and seminars keep professional engineers abreast of current industry issues and new technologies necessary for them to be effective leaders in their profession. The rotational assignments provided by these programs also allows for engineers to gain interdisciplinary skills, thus making them well-rounded employees.
Examples of international good practices in engineering leadership education are grouped into two categories: 1-explicit programs, where engineering leadership development is the primary objective, and 2-non-explicit programs, where the engineering leadership development is embedded within a broader remit. Of the good practices with an 'explicit' leadership objective is the "Gordon-MIT" Engineering Leadership Program at MIT, the "Engineering Leadership Program at Iowa State University" and "Leadership in a Technological Environment at Monash University, Australia." On the other hand, examples of good practice with a 'non-explicit' leadership agenda include the "EWB Challenge coordinated by Engineers Without Borders Australia", "Global Engineering Teams at the Technische University at Berlin, Germany".
Also, there are several Engineering Leadership Development programs available for current professional engineers offered by various industry leaders such as Lockheed Martin, National Instruments, Raytheon, and GE 23; 24; 25; 26 . In conformity with what was discussed above, engineers and future engineering graduates are needed to assume leadership positions "from which they can serve as positive influences in the making of public policy and in the administration of government and industry." 16 Nevertheless, current engineering leadership programs, along with those currently under development will need to include additional skills such as the ability to control a group, critical thinking, how to be a visionary, inspirational, influential, adaptable, open-minded, people-centered, action-oriented, equitable, interpersonal, likeable, determined, confident, good communicator, credible, honorable, fair, and a networker; to ensure that engineering professionals and future engineers are prepared to flourish as leaders 27 .
Shell Eco Marathon
SEM is an example of complex modern design-based project in which students are engaged in learning engineering through an authentic complex engineering design process. The main aim of the competition is to produce an energy-efficient vehicle promoting sustainable engineering thinking and environmental awareness at an early stage of future engineers' career. Furthermore, SEM is a competition that normally requires interdisciplinary team composed of mechanical, electrical, and sometimes other fields of engineering. Figure (1) shows a developed vehicle in Qatar University for the SEM competition of 2014.
In The SEM design phase of the vehicles, students work to design the car from scratch, build it and then test it which may take about a year sometimes. At the end and within only few days they have to do all their attempts. Competitors use pre-determined driving strategies that aim at minimizing energy consumption. Judges will then calculate the energy efficacy of each vehicle and name a winner per each of the seven categories. Rewards are not only for the most efficient energy utilization; other rewards are also given for safety, teamwork, design, and technical innovation.
Although the main aim of SEM is to develop technical skills and environmental awareness, the complex design team-oriented process seems to contribute to development of leadership traits in engineering students; the research in this paper details on these aspects.
Research Questions and Investigation Hypotheses
The main research question in investigating the impact of Shell Eco-Marathon on students' leadership development was:
RQ: "Does the SEM design experience have an impact on leadership traits enhancement" , the following Null Hypotheses was formulated:
Hyp: "SEM experience does NOT have significant difference in impact on the development of leadership traits as compared with University experience". 
Methodology
Quantitative survey approach was utilized for measuring the impact of SEM on students' leadership traits enhancement. Descriptive and inferential statistical methods were utilized to analyze the data and report on the findings. Quantitative data analysis was conducted using SPSS (Software Package for Social Sciences).
This study makes use of a variety of statistical tools in order to reach its conclusion, about 95% confidence intervals were produced using hypothesis testing; Wilcoxon signed rank test and Mann Whitney U test for non-parametric data to determine skills satisfaction gaps between pre and post participation and skills and knowledge satisfaction as self-reported by the students after having such experience.
Reliability was demonstrated using Cronbach`s alpha in order to determine the internal consistencies of the used satisfaction scales, Cronbach alpha values above 0.9 indicate excellent reliability (28) and in this study it was found to be 0.976 indicating excellent scales showing high internal consistency.
Validity was also demonstrated through conclusion validity which is described as appropriateness of the conclusions reported based on statistical relationships 29 , thus within this analysis conclusion validity was reported through the use of inferential statistics relying on statistical significance results at the 5% threshold.
Survey Design
The survey was composed of 17 questions with four main sections; Sec.1 deals with participants demographics included for instance questions about gender, university of study, nationality, English proficiency, GPA, engineering major, level of study and finally the purpose behind participation in SEM competition. Sec.2 deals with previous industry or design experience aiming to explore the type of previous experience students may have, Sec.3 targets measuring SEM impact on participants attitude towards Engineering comparing their opinion before and after joining the competition and finally Sec.4 deals with the 21 st century engineering skills aimed to measure the students' comparative perceptual evaluation of the contribution of their University study and SEM competition in developing 21st century engineering skills related to leadership and Engineering design, both of Sec 3. & Sec 4, students have to rate their perception on a like-hart scale of 5 whereby: 1= "Strongly Disagree", 2= "Disagree", 3= "Neutral", 4= "Agree", and 5= "Strongly Agree".
Survey Administration and Sample Number
Surveys were administered to students from 3 main origins: European, Asian and Middle Eastern in which the total sample number N=271; European participating students (Sample no. N=129), Asia participating students (sample no. N=109) and Middle Eastern participating students (sample no. N=33), most of Middle East students are from Turkey (N=13) followed by Qatar (N=8) and those from Asia are from Philippines (N=43) followed by India (N=14) and finally most of the European students are from Germany, Italy and France (N=19, 18, 17) respectively.
Hard copies of the surveys were delivered to participating students in the event, and a brief explanation of the survey was provided. Students were asked to fill the survey on their pace. Survey delivery was random.
Data Analysis

A. Demographics
The majority of participants were males N=217(80.07%); while participants' age ranged between 22 and 24. Thirty One nationalities were represented in the sample, 9 nationalities from the Middle East, 8 from Southeast Asia and 14 from Europe. The majority of participants were majoring in Mechanical Engineering N=152(56.1%) (Middle East N=19 (57.5%), Europe N=74 (56.9%) and Asia N=59 (54.1%)) then Electrical Engineering N=28 (10.3%) (Middle East N=3 (9%), Europe N=13 (10%) and Asia N=12 (11%)), other disciplines included; mechatronics for European N=8, automotive for Asians N=6 and control and automation or material engineering for Middle Eastern N=2. The participants were mostly students at the senior level N=141 (52%) from 46 different Universities. The English proficiency level was above average for 75% of them 
B. Previous Industrial/Design Experience
Most of the participant did not have any previous industrial experience (55.2%), and those who claimed to have industrial experience (44.8%) elaborated that it was part of an internship, or a part-time job. However (59%) of the participants had experience in design with a majority of (79.1) % in the form of a design project as part of a course.
Most of those who had industrial experience were found to have design experience, but most of those who had design experience were not likely to have an industrial experience. A cross tabulation in reported frequencies of previous industrial and/or design experience is shown in Table 2 . 
C. Leadership Traits Development: University vs. SEM
Participating students were asked to evaluate the development of a set of 15 skills related to leadership traits and comparing between University and Shell Eco-Marathon experience. The evaluation skills are related to leadership characteristics over the same 3 categories pre-stated in which the dimensions of skills are: 1-Personality traits, 2-Cognition, Thinking, and Mental, 3-Leadership motives.
Descriptive statistics showed that students have had a higher self-report of all 15 skills when evaluating the University contribution to skills development as compared with the SEM contributions. Wilcoxon signed rank test has been utilized to determine if there is a statistically significant evidence of the higher perceptions of SEM contribution. Wilcoxon test has resulted in a P-Value ≤ 0.05 for all 15 skills (with a confidence level of 95%), see Table 3 and Figure 2 . As a consequence, Hypothesis 2 is rejected for all 15 skills, and hence, the following conclusion is made: In order to determine if there is a gap between students perception relevant to their origins, Mann Whitney U test has been utilized comparing the 3 participating group (Middle Eastern, European and Asian) to show if there is a statistically significant evidence of the higher perceptions of SEM contribution or not.
Although the 3 groups perception prove that SEM has a significant impact on leadership traits development, some differences emerged. Middle Eastern students were highly satisfied with SEM impact on their leadership traits enhancement rather than both European and Asian students. When compared with Asian students, a significant difference (P≤0.05) in favor of Middle Eastern students was revealed only in management skills enhancement. While if compared with European; Middle Eastern students showed very high level of satisfaction with significant difference (P≤0.05) in most skills as decision making, system thinking, innovation, communication skills, management skills, leadership skills, entrepreneurship skills and professionalism; see Table 4 .
While comparing both Asian and European analysis showed higher satisfaction level of Asian students with significant difference (P≤0.05) in analytical thinking, system thinking, critical thinking, innovation, management skills, leadership skills, entrepreneurship skills, communication skills and professionalism than those of the European ones, see Table 5 and Figure 4 .
Although SEM does have statistically significant positive impact in terms of students' perceptions of contributions to leadership traits when comparing University and the SEM experience; the analysis shows that Middle Eastern students have higher positive attitude. 
Discussion
Twenty first century engineering education should cover the growing complexity, multi-scale, uncertainty, multidisciplinary and interdisciplinary characteristics of modern time problems 12. A transformation of the regular education curricula is highly recommended by the engineering education experts. Transformations recommended increasing utilization of hands-on design experience in curricular and co-curricular activities 30;31 . Providing students with ''real'' projects for ''real'' sponsors greatly enriches traditional education by bringing students' textbooks to ''life''. Projects afford undergraduates a transition from textbooks to the workplace wherein they learn to apply their newfound knowledge. 14 Although the use of complex design projects main driver is to utilize it in engineering education for equipping students with hands-on and design skills, the findings of this study reveal significant contributions of complex design experiences in the enhancement of students leadership characteristics. Students have significant positive perception that such experiences contribute significantly to a wide range of leadership traits across all of its three categories: personality traits, motives, and cognitive factors. Furthermore, such international design competitions seem to significantly enhance students' attitudes, confidence, and perception in regards with the engineering profession, the engineering nature, and their own skills 32 . Students are motivated to have such experience believing that they have greater impact on leadership traits development than conventional University experience. A statistically significant difference in their leadership skills enhancement with p value ≤0.05 for all of the three categories upon which leadership is based when pre and post participation status are compared.
Conclusions and recommendations
The experience of participation in international design competitions such as SEM has a significant impact on participating engineering students over the past few years. In this study, the research team aimed to investigate the impact of SEM on a large scale comparing the attitude of students from three different origins (Asia, Europe and Middle East). Quantitative research has been conducted, and findings from self-reports have shown significant positive impact of SEM on leadership attributes and behaviours, as well as, a shift in perceptions, confidence, and attitudes of engineering profession, engineering nature, and personal skills.
Future research plans may need to investigate in further depth the mechanisms by which such developments of skills or self-meta cognitions reports have emerged as a result of complex and competition oriented engineering design projects. As leadership needs to be acquired rather than to be taught 19 , and since leadership education is more exploratory discovery by the student than passive delivery of content by faculty members 21 , it is recommended to inject engineering curricula and programs with complex engineering design experiences. Findings of the research shows that such experiences provides a well-rounded approach for covering a wide set of ABET requirements whether technical, non-technical, or leadership oriented.
